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Figure S1. TEM Images of (a) freslkl SAGN-10 catalyst and (b) five-times reused catalyst.
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Figure S2. IR spectrum of (a) freskl SAGN-10 catalyst and (b) five-times reused catalyst.
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Spectroscopic char acterization of 2a-2l

1,2-diphenyldisulfane (2a):

OO

Yield: (0.199g, 91%); White crystalline solid; m8-%0 °C; IR (KBr) 2379, 2347, 1948, 1573, 1474,
1436, 1384, 1297, 1154, 1071, 1021, 736, 686, 462, ¢H NMR (300 MHz, CDC}; Me,Si) 5 7.09-7.14
(m, (2x1)H), 7.17-7.22 (m, (2x2)H), 7.40 (@8.1 Hz, (2x2)H);**C NMR (75 MHz, CDC}; Me,Si) 5
127.1, 127.4, 127.5, 129.0, 129.1, 137.0; Analc€&br G,H1,S;: C, 66.01; H, 4.62%. Found: C, 66.03;

H, 4.64%. HRMS (m/z) Calcd for [M+F]219.0302. Found 219.0941.

1,2-bis(4-chlor ophenyl)disulfane (2b):

e

Yield: (0.259g, 90%); White solid; mp 691 °C; IR (KBr) 3081, 2361, 2347, 2341, 2291, 1470, 1385,
1100, 1093, 1010, 815, 670, 489°¢mH NMR (300 MHz, CDCJ; Me,Si) & 7.16 (dd,J=6.75 Hz,J=1.8
Hz, (2x2)H), 7.29 (dd)=6.6 Hz,J=1.8 Hz, (2x2)H)*C NMR (75 MHz, CDC}; Me,Si) 5 129.26, 129.3,

133.6, 135.1; Anal. Calcd for,&HsCl,S,: C, 50.18; H, 2.81%. Found: C, 50.20; H, 2.83%.

1,2-bis(4-br omophenyl)disulfane (2¢):

o Ors s

Yield: (0.335g, 89%); White solid; mp 90-92 °C; (RBr) 3091, 2369, 2349, 2361, 2281, 1460, 1395,
1109, 1095, 813, 680, 479 cm'H NMR (300 MHz, CDC};, Me,Si) § 7.27 (dd,J=7.5 Hz,J=1.8 Hz,
(2x2)H), 7.35 (ddJ=7.8 Hz,J=1.8 Hz, (2x2)H);"*C NMR (75 MHz, CDC}; Me,Si) & 121.6, 129.4,

132.2, 135.7; Anal. Calcd for,&HsBr,S;: C, 38.32; H, 2.14%. Found: C, 38.34; H, 2.15%.



1,2-bis(3-chlor ophenyl)disulfane (2d):

Cl

Yield: (0.258g, 90%); White solid; mp 81-83 °C; (RBr) 3015, 2399, 2357, 1948, 1574, 1476, 1437,
1364, 1298, 1153, 1071, 1021, 736, 686, 472'ctd NMR (300 MHz, CDC}; Me,Si) § 7.12-7.20 (m,
(2x2)H), 7.26-7.33 (m, (2x1)H), 7.40-7.43 (m, (2M)) *C NMR (75 MHz, CDC};, Me,Si) & 125.3,
127.0, 127.5, 130.1, 135.0, 138.4; Anal. CalcdGgHsCl,S,: C, 50.18; H, 2.81%. Found: C, 50.21; H,

2.81%.

1,2-bis(2-chlor ophenyl)disulfane (2€):

Qs

Cl
Yield: (0.256g, 89%); White solid; mp 86-88 °C; (RBr) 3072, 2366, 2348, 2345, 2299, 1470, 1386,
1101, 1095, 1010, 812, 673, 469°¢mH NMR (300 MHz, CDCJ; Me,Si) § 7.02-7.14 (m, (2x2)H), 7.26
(dd, J=7.65 Hz,J=1.5 Hz, (2x1)H), 7.45 (ddl=7.8 Hz,J=1.5 Hz, (2x1)H);C NMR (75 MHz, CDC};
Me,Si) & 127.3, 127.5, 127.8, 129.7, 131.9, 134.4; Analc€dor CHCl,S;: C, 50.18; H, 2.81%.

Found: C, 50.19; H, 2.83%.



1,2-dio-tolyldisulfane (2f):

s

Me
Yield: (0.222g, 90%); White solid; mp 43-45 °C; (RBr) 3077, 2963, 2937, 1887, 1483, 1470, 1409,
1193, 1144, 1016, 820, 540, 469 ¢mMH NMR (300 MHz, CDCJ; Me,Si) § 2.37 (s, (2x3)H), 7.06-7.10
(m, (2x3)H), 7.45-7.48 (m, (2x1)H}’C NMR (75 MHz, CDC}; Me,Si) § 20.0, 126.7, 127.4, 128.9,

130.4, 135.5, 137.5; Anal. Calcd for8:4S;: C, 68.25; H, 5.73%. Found: C, 68.27; H, 5.75%.

1,2-bis(4-isopropylphenyl)disulfane (29):
HsC CHg
H,C CHs

Yield: (0.278g, 92%); White solid; mp 48-50 °C; (RBr) 3071, 2960, 2927, 1897, 1493, 1460, 1406,
1183, 1142, 1013, 820, 536, 468 ¢mH NMR (300 MHz, CDCJ; Me,Si) § 1.10 (s, (2x3)H), 1.12 (s,
(2x3)H), 2.74-2.78 (m, (2x1)H), 7.04 (dd7.8 Hz,J=1.8 Hz, (2x2)H), 7.33 (dd]=6.6 Hz,J=1.8 Hz,
(2x2)H); *C NMR (75 MHz, CDC}; Me,Si) 8 23.5, 33.4, 126.8, 127.9, 134.0, 147.9; Anal. Cdtw

CigH22Sy: C, 71.47; H, 7.33%. Found: C, 71.49; H, 7.36%.

1,2-dip-tolyldisulfane (2h):

oA en

Yield: (0.224g, 91%); White solid; mp 43-45 °C; (RBr) 3069, 2970, 2929, 1890, 1495, 1470, 1185,
1132, 1013, 829, 566, 466 cmn'H NMR (300 MHz, CDC}; Me,Si) § 2.20 (s, (2x3)H), 6.98 (d=8.1
Hz, (2x2)H), 7.26 (dJ=7.2 Hz, (2x2)H)3C NMR (75 MHz, CDCJ; Me,Si) § 21.0, 128.5, 129.7, 133.9,

137.4; Anal. Calcd for GH1,S,: C, 68.25; H, 5.73%. Found: C, 68.26; H, 5.74%.



2-(2-(2-aminophenyl)disulfanyl)benzenamine (2i):

QO

NH,

Yield: (0.224g, 90%); Yellow solid; mp 89-91 °C; [RBr) 3441, 3375, 3204, 2969, 1677, 1495, 1450,
1356, 1193, 1042, 1003, 726, 486 ¢mH NMR (300 MHz, CDC}; Me,Si) § 4.16 (br s, (2x2)H), 6.38-
6.44 (m, (2x1)H), 6.50-6.54 (m, (2x1)H), 6.95-6(@8, (2x2)H);**C NMR (75 MHz, CDC}; Me,Si) &
115.1, 118.0, 118.5, 131.4, 136.6, 148.4; Analc@dbr CHyN,S,: C, 58.03; H, 4.87; N, 11.28%.

Found: C, 58.06; H, 4.88; N, 11.30%.

1-(naphthalen-2-yl)-2-(naphthalen-3-yl)disulfane (2j):

Yield: (0.287g, 90%); White solid; mp 143-144 °®, (KBr) 3009, 1634, 1559, 1488, 1386, 1136, 1019,

S-S

867, 756, 568, 495 cth *H NMR (300 MHz, CDC{; Me,Si) § 7.34-7.41 (m, (2x2)H), 7.55 (dd=8.55
Hz, J=1.8 Hz, (2x1)H), 7.57-7.72 (m, (2x3)H), 7.91 @x{)H); *C NMR (75 MHz, CDC};, Me,Si) 3
125.7, 126.2, 126.6, 126.7, 127.5, 127.8, 129.0,51333.5, 134.3; Anal. Calcd for@1,S;: C, 75.43;

H, 4.43%. Found: C, 75.44; H, 4.45%. HRMS (m/z)dddbr GoH1.S,: 318.3537. Found 317.9394.
1,2-dicyclohexyldisulfane (2k):

Yield: (0.203g, 88%); Colorless oil; mp oil; IR (£B2969, 2677, 1498, 1430, 1366, 1200, 1163, 1024,
1013, 826, 727, 516, 490 c'H NMR (300 MHz, CDCJ; Me,Si) & 1.27-1.34 (m, (2x5)H), 1.62 (br s,

(2x1)H), 1.79 (br s, (2x2)H), 2.03 (br s, (2x2)B)68 (t,J=3.9 Hz, (2x1)H):3C NMR (75 MHz, CDC};



Me,Si) 6 25.6, 26.0, 32.8, 49.8; Anal. Calcd forB,,S;: C, 62.55; H, 9.62%. Found: C, 62.57; H,

9.64%.

1-Butyldisulfanyl-butane (21):

/\/\st\/\/

Yield: (0.152 g, 85%); Colorless oil; mp oil; IR Bf) 2989, 2923, 2846, 1488, 1439, 1383, 1240, 1123,
1004, 994, 856, 757, 506, ci'*H NMR (300 MHz, CDCY; Me,Si) & 0.86 (t,J=7.2 Hz, (2x3)H), 1.22-
1.34 (m, (2x2)H), 1.54-1.66 (M, (2x2)H), 2.62X6.9 Hz, (2x2)H)*C NMR (75 MHz, CDCJ; Me,Si)

0 12.2, 23.4, 32.4, 36.9; Anal. Calcd fogHzsS;: C, 53.87; H, 10.17%. Found: C, 53.88; H, 10.19%.



Spectroscopic char acterization of 4a-4l

(15E)-N-(3-bromobenzylidene)-2-(2-((E)-2-(3-

bromaobenzylideneamino)phenyl)disulfanyl)benzenamine (4a):

2,

O

N
Hb
Yield: (0.530g, 91%); Grey colored solid; mp 12021Z; IR (KBr) 1632, 1569, 1472, 1467, 1429,
1300, 1229, 1160, 1130, 984, 732, 720, 549, 488;cid NMR (300 MHz, CDC}; Me,Si) & 7.05 (d,
J=0.9 Hz, (2x1)H), 7.07-7.28 (m, (2x2)H), 7.38J7.5 Hz, (2x1)H), 7.65 (d]=7.2 Hz, (2x1)H), 7.71
(d, J=7.8 Hz, (2x1)H), 7.90 (d}=7.5 Hz, (2x1)H), 8.16 (s, (2x1)H), 8.43 (s, (2xL)HC NMR (75

MHz, CDCk; Me,Si) 6 117.2, 123.0, 126.3, 127.1, 127.2, 127.8, 13(B3,6] 132.2, 134.5, 137.9, 148.4,

158.2; Anal. Calcd for &H15Br-N,S,: C, 53.62; H, 3.12; N, 4.81%. Found: C, 53.633H.3; N, 4.83%.

(15E)-N-(4-nitr obenzylidene)-2-(2-((E)-2-(4-nitr obenzylideneamino)phenyl)disulfanyl)benzenamine

Q.

QO

N

Q.

(4b):



Yield: (0.579g, 93%); Yellow solid; mp 15860 °C; IR (KBr) 1598, 1569, 1549, 1529, 1461, 1434
1372, 1168, 946, 821, 758, 523, 463 tnH NMR (300 MHz, CDCJ; Me,Si) § 7.04-7.07 (m, (2x1)H),
7.13-7.19 (m, (2x2)H), 7.61 (dI=6.3 Hz, (2x1)H), 8.08 (dJ=8.4 Hz, (2x2)H), 8.27 (dJ=8.7 Hz,
(2x2)H), 8.53 (s, (2x1)H);’C NMR (75 MHz, CDC}; Me,Si) 5 116.8, 123.8, 126.1, 127.0, 127.8, 129.5,
132.7, 141.0, 147.6, 149.3, 156.8; Anal. CalcddaH,gN,04S: C, 60.69; H, 3.53; N, 10.89%. Found:

C, 60.70; H, 3.54; N, 10.90%.

(15E)-2-(2-((E)-2-((pyridin-4-yl)methyleneamino)phenyl)disulfanyl)-N-((pyridin-4-

yl)methylene)benzenamine (4c):

Yield: (0.380g, 89%); Grey colored solid; mp #80 °C; IR (KBr) 1620, 1579, 1532, 1519, 1481,
1424, 1202, 1148, 955, 823, 758, 543, 483'chd NMR (300 MHz, CDC}; Me,Si) § 7.35-7.53 (m,
(2x2)H), 7.83-7.89 (m, (2x3)H), 8.07 (8.1 Hz, (2x1)H), 8.48 (s, (2x1)H), 8.69-8.72 (@x2)H); °C
NMR (75 MHz, CDC}; Me,Si) & 120.9, 121.6, 123.7, 125.9, 126.5, 127.4, 1330, 11, 150.5, 153.7,

164.8; Anal. Calcd for §H1gN4S;: C, 67.58; H, 4.25; N, 13.13%. Found: C, 67.594126; N, 13.15%.



(15E)-N-(4-methoxybenzylidene)-2-(2-((E)-2-(4-

methoxybenzylideneamino)phenyl)disulfanyl)benzenamine (4d):

<

a5

N
Hb
Yield: (0.436g, 90%); Light green colored solid; rhp4-126 °C; IR (KBr) 1626, 1557, 1501, 1430,
1270, 1116, 910, 764, 7-2, 583, 492 tMH NMR (300 MHz, CDC{; Me,Si) & 3.90 (s, (2x3)H), 7.04 (t,
J=8.7 Hz, (2x3)H), 7.15-7.24 (m, (2x2)H), 7.69 §&7.5 Hz, (2x1)H), 7.96 (d]=8.1 Hz, (2x2)H), 8.44
(s, (2x1)H);*C NMR (75 MHz, CDC{; Me,Si) 6 55.4, 114.2, 117.1, 125.8, 126.4, 126.8, 129.0,9,3

131.9, 149.2, 159.1, 162.5; Anal. Calcd feeHz:N2O,S,: C, 69.39; H, 4.99; N, 5.78%. Found: C, 69.41,

H, 4.99; N, 5.79%.

(15E)-N-(2-bromobenzylidene)-2-(2-((E)-2-(2-

bromaobenzylideneamino)phenyl)disulfanyl)benzenamine (4e):

Q
Tawg'

N

O
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Yield: (0.518g, 89%); Grey colored solid; mp 14021%4C; IR (KBr) 1624, 1560, 1453, 1428, 1331,
1209, 1166, 1138, 899, 766, 702, 529, 494'chd NMR (300 MHz, CDC}; Me,Si) § 7.17-7.25 (m,
(2x2)H), 7.37-7.47 (m, (2x3)H), 7.65-7.74 (m, (242)8.43 (d,J=6.0 Hz, (2x1)H), 8.95 (s, (2x1)H)'C
NMR (75 MHz, CDC}; Me,Si) 6 117.4, 126.1, 127.0, 127.3, 127.8, 129.6, 13232, 7] 133.2, 134.3,
148.5, 158.7; Anal. Calcd for,gH:gBroN,S,: C, 53.62; H, 3.12; N, 4.81%. Found: C, 53.643H.,3; N,

4.83%.

(15E)-N-(4-bromobenzylidene)-2-(2-((E)-2-(4-

bromaobenzylideneamino)phenyl)disulfanyl)benzenamine (4f):

Q.

v

N

Hb
Yield: (0.530g, 91%); Grey colored solid; mp 380 °C; IR (KBr) 1623, 1559, 1470, 1459, 1428,
1361, 1269, 1163, 1128, 974, 756, 722, 539, 49U;ciH NMR (300 MHz, CDC}; Me,Si) § 7.06 (dd,
J=7.0 Hz,J=1.5 Hz, (2x1)H), 7.16-7.25 (m, (2x2)H), 7.60-7 (R0, (2x3)H), 7.86 (dJ=8.4 Hz, (2x2)H),
8.41 (s, (2x1)H)*C NMR (75 MHz, CDC}; Me,Si) 6 117.1, 126.2, 126.3, 127.0, 127.1, 130.4, 132.1,

132.2, 134.9, 148.5, 158.5; Anal. Calcd fogHGgBr,N,S;: C, 53.62; H, 3.12; N, 4.81%. Found: C, 53.63;

H, 3.14; N, 4.82%.
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(15E)-N-(4-(dimethylamino)benzylidene)-2-(2-((E)-2-(4-

(dimethylamino)benzylideneamino)phenyl)disulfanyl)benzenamine (4g):

Q,

Qs

N

Hb
Yield: (0.470g, 92%); Yellow solid; mp 150-152 °@® (KBr) 1623, 1605, 1567, 1461, 1440, 1170,
1036, 810, 754, 722, 683, 492 ¢mH NMR (300 MHz, CDC}; Me,Si) & 3.09 (s, (2x6)H), 6.77 (d,
J=8.1 Hz, (2x2)H), 7.04-7.22 (m, (2x3)H), 7.65 {&7.8 Hz, (2x1)H), 7.89 (d]=7.8 Hz, (2x2)H), 8.38
(s, (2x1)H);**C NMR (75 MHz, CDC}; Me,Si) 6 40.1, 111.5, 117.1, 124.4, 125.5, 125.8, 126.5,8.3

131.8, 149.7, 152.7, 159.5; Anal. Calcd fapHzN4,S;: C, 70.55; H, 5.92; N, 10.97%. Found: C, 70.57;

H, 5.93; N, 10.99%.

(15E)-N-(2-chlor obenzylidene)-2-(2-((E)-2-(2-

chlor obenzylideneamino)phenyl)disulfanyl)benzenamine (4h):

Q:
Taes

N
H
Cl

12



Yield: (0.439g, 89%); Grey colored solid; mp 16681%C; IR (KBr) 1633, 1609, 1570, 1469, 1448,
1301, 1271, 1163, 1108, 979, 743, 702, 544, 495;ciH NMR (300 MHz, CDCJ; Me,Si) & 7.11 (d,
J=7.7 Hz, (2x1)H), 7.16-7.25 (m, (2x2)H), 7.40-7(#8, (2x3)H), 7.68 (dJ=7.5 Hz, (2x1)H), 7.89 (dd,
J=5.7 Hz,J=2.1 Hz, (2x1)H), 8.97 (s, (2x1)HYC NMR (75 MHz, CDC}; Me,Si) & 117.4, 126.1, 127.1,
127.3, 127.4, 129.2, 129.9, 130.0, 132.5, 133.16.113136.2, 148.7, 156.5; Anal. Calcd for

Ca6H1sCIN,LS,: C, 63.28; H, 3.68; N, 5.68%. Found: C, 63.303H9; N, 5.70%.

(15E)-N-(4-methylbenzylidene)-2-(2-((E)-2-(4-

methylbenzylideneamino)phenyl)disulfanyl)benzenamine (4i):

k3

a5

N

Hb
Yield: (0.412g, 91%); Grey colored solid; mp 12021Z; IR (KBr) 1622, 1598, 1557, 1468, 1340,
1178, 1106, 910, 764, 722, 563, 495 trtH NMR (300 MHz, CDC}; Me,Si) § 2.47 (s, (2x3)H), 7.08
(d, J=7.2 Hz, (2x1)H), 7.15-7.23 (m, (2x1)H), 7.32-7(87, (2x2)H), 7.72 (d)=7.5 Hz, (2x1)H), 7.82 (t,
J=7.8 Hz, (2x1)H), 7.92 (dJ=7.5 Hz, (2x2)H), 8.48 (s, (2x1)H)C NMR (75 MHz, CDC}; Me,Si) &

21.6, 117.1, 125.9, 126.6, 126.8, 129.4, 129.5,6,2829.7, 131.9, 133.5, 142.2, 149.0, 159.8; Anal.

Calcd for GgH24N,S,y: C, 74.30; H, 5.34; N, 6.19%. Found: C, 74.325K5; N, 6.20%.

13



(15E)-N-(3,4-dimethoxybenzylidene)-2-(2-((E)-2-(3,4-

dimethoxybenzylideneamino)phenyl)disulfanyl)benzenamine (4j):

Yield: (0.458g, 84%); Light green colored solid; rhip0-132 °C; IR (KBr) 1622, 1600, 1577, 1492,
1320, 1270, 1136, 940, 854, 722, 663, 490'cti NMR (300 MHz, CDC{; Me,Si) 5 3.84 (s, (2x6)H),
6.81-6.86 (M, (2x1)H), 6.97 (dd=7.4 Hz,J=1.2 Hz, (2x1)H), 7.06-7.17 (m, (2x2)H), 7.27-7.88,
(2x2)H), 7.66 (s, (2x1)H), 8.31 (s, (2x1)HFC NMR (75 MHz, CDC{; Me,Si) § 55.5, 55.6, 109.2,
110.3, 116.9, 124.3, 125.5, 126.2, 126.6, 129.0,.513148.7, 149.1, 152.0, 159.0; Anal. Calcd for

CsoH28N0,S;: C, 66.15; H, 5.18; N, 5.14%. Found: C, 66.175H9; N, 5.16%.

(15E)-N-(4-chlor obenzylidene)-2-(2-((E)-2-(4-

chlor obenzylideneamino)phenyl)disulfanyl)benzenamine (4k):

3,
QB
4

Cl

14



Yield: (0.444g, 90%); Grey colored solid; mp 14911%C; IR (KBr) 1623, 1599, 1560, 1419, 1348,
1302, 1257, 1153, 1108, 989, 753, 722, 534, 493;ci NMR (300 MHz, CDC}; Me,Si) § 7.07-7.09
(M, (2x1)H), 7.19-7.27 (m, (2x4)H), 7.33-7.36 (@x{)H), 7.54-7.60 (M, (2x2)H), 8.47 (s, (2x1)H)C
NMR (75 MHz, CDC}; Me,Si) & 117.2, 126.16, 126.22, 126.9, 127.1, 128.3, 13(80,2, 134.9, 149.2,

158.4; Anal. Calcd for &H1sCI:N,S;: C, 63.28; H, 3.68; N, 5.68%. Found: C, 63.3039; N, 5.69%.

(15E)-N-(2-nitr obenzylidene)-2-(2-((E)-2-(2-nitr obenzylideneamino) phenyl)disulfanyl)benzenamine

(40):

reba

)

o)

Yield: (0.473g, 92%); Yellow solid; mp 162-164 °@®R (KBr) 1608, 1589, 1551, 1509, 1477, 1424,
1362, 1268, 956, 821, 766, 536, 473°tH NMR (300 MHz, CDCJ; Me,Si) § 7.16-7.28 (m, (2x3)H),
7.63-7.70 (m, (2x2)H), 7.78 (1=7.5 Hz, (2x1)H), 8.10 (dJ=7.8 Hz, (2x1)H), 8.46 (dJ=7.5 Hz,
(2x1)H), 9.01 (s, (2x1)H)EC NMR (75 MHz, CDC}; Me,Si) § 117.6, 124.5, 126.3, 127.3, 127.8, 130.2,

130.9, 131.5, 132.4, 133.7, 148.2, 149.3, 155.6lABalcd for GgH1sN,O,S,: C, 60.69; H, 3.53; N,

10.89%. Found: C, 60.71; H, 3.55; N, 10.90%.
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Spectral Data of Didulphides 2a-2I
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